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Objective: Considerable variation in total hip replacement and total knee replacement (THR/TKR)
between regions has been described. The aim of this study was to explore geographical variation in THR
and TKR in Germany and to analyse potentially explanatory variables.
Method: We used data of Germany’s largest statutory health insurer. Between 2005 and 2009 451,108
THR and 335,022 TKR were performed. Age-standardised joint replacement rates were calculated for 16
federal states and 407 counties. We performed cluster (Moran’s I) and spatial error regression analyses
including regional deprivation, osteoarthritis rate, urbanity and number of orthopaedic specialists as
dependent variables on county level.
Results: In 2009 the overall age-standardised and crude rates were 148.9 (95% CI (conﬁdence interval)
147.6e151.1) and 290.2 for THR, and 132.5 (95% CI 131.3e133.6) and 232.7 for TKR. Between counties THR
rates differed by factor 2 (106.1e215.8) and showed signiﬁcant clusters with high utilisation in South and
Northwest Germany. TKR rates differed by factor 3.2 (69.1e219.5) and were also high in South Germany
whereas almost all areas in East Germany showed low replacement rates. Differences were pronounced
when restricting the analysis to cases with an indication of osteoarthritis. All tested predictors could be
identiﬁed as signiﬁcant explanatory variables (each P < 0.001).
Conclusion: This study proofed considerable and consistent geographic variation of THR and TKR in
Germany. Thereby relevant explanatory factors were identiﬁed. These results may foster the discussion
and future research in health services which should include areas of patients’ and doctors’ expectation,
ﬁnancial aspects and an outcome-based deﬁnition of appropriate supply.
 2012 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Hip osteoarthritis (HOA) and knee osteoarthritis (KOA) are
major public health problems associated with considerable loss of
health-related quality of life, therapeutic demands, and costs1. The
prevalence of HOA and KOA varies widely between countries. Sun
et al. published rates ranging from 0.5% to 36%2. Recent population-
based studies estimated the prevalence of HOA i.e., KOA with
5.5% i.e., 7.1% for 24e76 year-olds in Norway3 and 5.0% i.e., 7.6% foruests to: K.P. Günther,
r Klinik für Orthopädie, Fet-
l: 49-351-458-5006; Fax: 49-
-dresden.de (K.P. Günther).
s Research Society International. P40e75 year-olds in France4. For Germany population-based data
are scarce2. According to an older study on hip X-rays 10% of
women and 16% of men over 55 years suffer from HOA5. Total hip
replacement (THR) and total knee replacement (TKR) became
routine therapies in these patients. In Germany 157.719 THR were
performed in 20106 and 158.100 TKR in 2005.
Both procedures have increased over time7e9 and vary between
countries10. Studies reported a high geographical variance of THR
and TKR rates also within countries. The US-Dartmouth Atlas
Surgery Report 2010 showed THR rates as low as 120 per 100.000
for the states Alexandria and Louisiana and as high as 670 for
Boulder and Colorado in Medicare beneﬁciaries in 2000/2001.
Beside Australia11, geographical variation was also reported for
European countries including UK12 and Finland13. No such data
have been published for Germany so far. It is assumed also forublished by Elsevier Ltd. All rights reserved.
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important for service planning to analyse and provide data on the
actual situation. Joint replacements as common elective procedures
should be a good candidate to study inequity.
We aimed to analyse THR and TKR rates for Germany, based on
a nationwide large sample of members of the major statutory
health insurance company. Geographical analyses were performed
on a large (federal states) and small (counties) scale in order to
elucidate indications of inequality of healthcare. In addition we
analysed potentially relevant explanatory variables.
Methods
Data source
These analyses are based on data of in-patients, who are
members of the largest of about 150 statutory health insurer in
Germany (Allgemeine Ortskrankenkasse (AOK) ¼ local health
insurance fund). Roughly 24 million people are insured under the
regional AOKs e close to one-third of the German population. The
AOK is a nationwide insurer and members will be treated in all
licensed hospitals. Data of the period 2005e2009 were provided by
the research institute of this insurance company (WIdO). Only cases
with primary THR or TKR, deﬁned by operation and procedure code
(OPS) codes (see Appendix), were considered.
Statistical analyses
- Trend analyses
For trend analyses we summarized the crude number of
procedures per year including multiple counts in case one
patient received e.g., two THR in 1 year. Differences between
the last and ﬁrst observation period were expressed in percent
change and Chi-square tests were used to test for signiﬁcant
difference between these observations.
- Crude rates
We calculated crude rates by using the number of affected
patients as nominator. This implies that one patient is counted
only once per period even if the patient had e.g., two THR in
1 year. The denominator consisted of all members of the
insurance company either nationwide or in the corresponding
geographic unit in case of geographical analyses. The denom-
inator population is given by year and together with the
proportion of males in Table A1 of the appendix.
- Standardised rates
For the geographical analyses we calculated age-
standardised rates of THR/TKR per 100.000 insured. We used
the European age standard from 1966 in 10-years-groups.
Therebywe assured comparability of the rates within our study
and with international publications. Since the age standard is
on averagemuch younger than the populationwe investigated,
crude and standardised rates differed.
- Stratiﬁcation by diagnosis
In order to separate cases who were operated primarily for
a traumatic reason from those who got an elective procedure
mainly due to osteoarthritis we built two diagnostic groups,
trauma and osteoarthritis, based on the main International
Statistical Classiﬁcation of Diseases and Related Health Prob-
lems (ICD) diagnostic codes and performed stratiﬁed analyses
for both groups. The used speciﬁc codes for both groups are
given in Table A3 in the appendix. Not all cases could be
assigned to one of these groups.
- Geographical analyses
We calculated age-standardised rates for two geographical
units, the 16 federal states including the Cities of Berlin,Hamburg, and Bremen and 412 counties (as effective on
January 01 2011), based on the patients’ place of residence. For
sample size reasons the analyses for counties are based on the
aggregated data of 2005e2009, whereas the results for federal
states are based on the most recent data of 2009. Five counties
with less than 25 observed cases or a population under risk
below 125 insurants were excluded. The boundaries of the
counties changed over the observation period but the mapping
of cases and population was carried out in retrospect in
a consistent pattern. The population (insured people) varied
between counties (mean 306,827, median 234,139, min.
38,288, max. 3,972,833 over the time period 2005e2009).
Patients and population under risk (insured people) were
assigned to a geographical unit by the ﬁve-digit postal code.
The geographic maps were provided by the Federal Agency for
Cartography and Geodesy in Frankfurt/Main, Germany. The
postal codes of 52,381 (3.6% of the gross sample) datasets could
not be assigned to a county and were excluded together with
the corresponding denominator population. The postal codes
of 3,493 (0.2% of the gross sample) datasets could not be
assigned to a federal state. In this case the seat of the insurance
company, which is represented in all federal states, was taken
as location reference. A total of 2,558 cases had to be excluded
because of missing data on the place of residence. Furthermore
there weremissing data for the second half of the year 2009 for
the City of Bremen. Therefore the city was censored in the
analyses by federal states.
All maps in the publication were made with ArcMap10, esri.
- Spatial autocorrelation
To test whether there is a spatial autocorrelation in the data
we used Moran’s I14 a common measure which can vary
between 1 (perfect dispersion), 0 (random spatial pattern)
and þ1 (perfect correlation). A positive spatial autocorrelation
means that areas with similar values tend to be closer e
counties with high age-standardized THR/TKR rates tend to be
adjacent to other counties with high rates and vice versa.
Adjacency is assumed when two counties have a common
point of boundary (queen’s criteria).
- Cluster analysis
As a continuation of the spatial autocorrelation analysis we
carried out a (Local Indicators of Spatial association (LISA))
analysis15. It is a kind of a local Moran’s I and can be interpreted
as a cluster test similar to the Gi statistic of Gettis and Ord16.
LISA identiﬁed areas with clusters of counties in the mapwhich
highehigh or lowelow values (positive spatial autocorrelation).
In themap areas were displayed in dark red if adjacent counties
had statistical signiﬁcant high rates of age-standardised THR/
TKR rates, in dark blue if they had signiﬁcant low rates, and in
grey if results were not signiﬁcant. In rare cases there was
a negative spatial autocorrelation e a county with low rates in
adjacent to counties with high rates or vice versa (displayed
light blue/red). Such cases were seen as outliers.
- Regression models
As an ecological approach we ﬁtted a regression model with
the German counties as units of analysis. Outcome variable
were the age-standardized THR and TKR rates (with indication
osteoarthritis) measured at the county level. Predictors
(measured at the county level, too) were the regional depri-
vation, the number of orthopaedic specialists, the age-
standardised rate of KOA or HOA, and a variable of urbanity.
Regional deprivation was measured using the German Index of
Multiple Deprivation (GIMD) provided by W. Maier17. This
index comprises seven deprivation domains (income,
employment, education, district revenue social capital, envi-
ronment, security). Each domain contains one or more
Table II
Crude and age-standardised rates (per 100.000) of primary THR and TKR in German
AOK insurants in 2009 overall and in federal states
Federal state THR TKR
Crude Age-
standardised
Crude Age-
standardised
Baden-Württemberg 304.7 145.2 230.2 132.8
Bavaria 229.5 166.9 170.7 159.7
Berlin 336.9 120.0 204.5 89.5
Brandenburg 234.2 147.8 153.1 121.9
Bremen 232.8 n.D. 166.6 n.D.
Hamburg 286.3 137.0 224.4 100.3
Hesse 270.3 148.6 222.3 138.1
Mecklenburg-West Pomerania 255.0 150.4 203.3 108.6
Lower-Saxony 282.1 168.0 245.2 149.0
North Rhine-Westphalia 321.8 147.8 244.9 121.9
Rhineland-Palatinate 290.3 155.1 172.1 146.9
Saarland 380.9 147.5 225.7 137.0
Saxony 301.0 148.9 243.4 132.1
Saxony-Anhalt 358.1 142.5 295.2 134.2
Schleswig-Holstein 408.3 163.5 286.6 129.4
Thuringia 359.9 158.2 312.9 153.9
Total 290.2 148.9 232.7 132.5
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the respective area. The GIMD is based on themethod of the UK
Indices of Multiple Deprivation18. The number of orthopaedic
specialists was calculated for each county per 100,000 inhab-
itants (data from 2008). The age-standardised rate of hip or
knee osteoarthritis (KOA) were calculated based on data of AOK
insurants during the years 2005e2008 who were diagnosed at
least at two occasions in 1 year by a doctor with one of the ICD
codes M16 and M17, respectively. These three predictors were
z-standardised for direct comparison. The fourth predictor
differentiates in urban, suburban, rural suburban and rural
counties by population density according to the Federal Insti-
tute for Research on Building, Urban affairs and spatial
development19 (http://www.bbsr.bund.de). Because it is a
categorical variable we used the ﬁrst three-parameter values as
dummy variable (0, 1). The presence of spatial autocorrelation
(identiﬁed with Moran’s I) violates the assumption of the
regression model that all observations are independent of one
another. Hence we ﬁtted a spatial regression model20,21 where
the error term is extended to a spatial component. All calcu-
lations were done with OpenGeoDA software version 1.0.1
(http://geodacenter.asu.edu/)22.
Results
Trends
The analyses of time trends were based on the number of
procedures. Between the years 2005 and 2009 a total of 451,108
THR were performed of which 381,155 were primary replacements.
During the same time period 335,022 TKR were counted of which
292,432 were primary replacements. Table I displays the numbers
of procedures by year and separately for primary and revision
replacements. In our dataset we did not observe a marked increase
for THR whereas TKR increased by 10% during this 5-year period.
Overall rates
For these analyses 365.412 patients with primary THR and
282.805 with primary TKR of the years 2005e2009 were included.
As denominator we considered all 130.433.734 AOK insurants of
this period.
Based on the analyses for the year 2009 the crude rates for THR
and TKR were 290.2 per 100.000 and 232.7, respectively. The cor-
responding overall age-standardised rates were 148.9 for THR and
132.5 for TKR in this year.
Geographical analyses
- By federal states
Table II gives the crude and age-standardised rates for THR
and TKR by federal state in 2009. The age-standardised rate of
THR differed 40% (120e168). When excluding Cities Saxony-
Anhalt showed the lowest (142.5) and Bavaria, Lower-Saxony
and Schleswig-Holstein the highest rates.Table I
Trends in the number of THR and TKR in German AOK insurants 2005e2009
2005 2006 2007 2008 2009 2009 vs 2005
THR 89,891 87,668 90,949 91,945 90,655 þ0.9%
Primary 76,544 74,481 76,811 77,213 76,106
Revision 13,347 13,187 14,138 14,732 14,549
TKR 63,259 63,387 67,848 70,413 70,115 þ10.8%
Primary 56,005 55,718 59,330 60,931 60,448
Revision 7,254 7,669 8,518 9,482 9,667Women exhibited a similar rate distribution as the overall
group. The rates differed by 31.5% (136e178.8).
The regional rate pattern differed slightly in men. The rates
differed by 57.2% (98.3e154.5). When not considering cities,
North Rhine-Westphalia showed the lowest rate (121.7). The
highest rates were also seen in Bavaria and Lower-Saxony,
whereas Schleswig-Holstein was surpassed by Thuringia.
The age-standardised rate of TKR differed between the
federal states by 78.4% (89.5e159.7). When excluding the cities
Mecklenburg-West Pomerania showed the lowest (108.6) and
Bavaria, Lower-Saxony and Thuringia the highest rates.
Women exhibited a similar rate distribution as the overall
group. The rates differed by 58% (121.5e192). When excluding
cities, Mecklenburg-West Pomerania showed the lowest rate
(142.9) and Bavaria, Lower-Saxony and Thuringia the highest
rates.
The regional rate pattern differed slightly in men. The rates
differed by 12.4% (106.9e120.2). The highest rates were also
seen in Bavaria and Thuringia, whereas Lower-Saxony was
surpassed by Rhineland-Palatinate.
- By counties
Figure 1a displays the age-standardised rates for primary
THR by counties based on the years 2005e2009. The rates
differed roughly by factor 2 and reached from 106.1 in Neu-
stadt/Weinstrasse to 215.8 in Neustadt/Aisch. As seen in the
analyses for federal states, counties in Bavaria and Thuringia
and areas in the Northwest of Germany exhibited high
replacement rates. In contrast, almost all counties of the
former German Democratic Republic (GDR), with the exemp-
tion of areas in Thuringia, showed rather low utilisation rates.
Interestingly, counties in Baden-Württemberg tended to have
rates below average although these areas have a socioeco-
nomic status comparably high to the neighbour state Bavaria,
which showed consistently high replacement rates. Women
exhibited a similar rate distribution as the overall group. The
rates differed by factor 2 and ranged between 114.7 in Pirma-
sens and 228.8 in Hof. Again the counties of Bavaria and the
Northwest of Germany showed the highest rates. Consistently
low were the rates in areas of the former GDR and Baden-
Württemberg.
Compared to women and the overall group the rate pattern
of men showed some differences. The rates differed somewhat
Fig. 1. Age-standardised rates (per 100.000) of primary THR in German AOK insurants
by county (2005e2009).
Fig. 2. Age-standardised rates (per 100.000) of primary TKR in German AOK insurants
by county (2005e2009).
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Main to 206.5 in Garmisch-Partenkirchen. The pattern of
rather high rates in counties of Bavaria and Northern parts of
Schleswig-Holsteinwas seen also inmen. Similar, the tendency
of lower utilisation rates in areas of the former GDR could be
demonstrated in this group. On the other hand men exhibited
rather high replacement rates in southern parts of Baden-
Württemberg.
Figure 2a displays the age-standardised rates for primary
TKR by counties based on the years 2005e2009. The regional
variation was higher than for THR and differed by factor 3.2.
The county Cottbus reached the lowest rate with 69.1 and
Neustadt/Aisch exhibited the highest rate (219.5). As seen in
the analyses for federal states, counties in Bavaria, Hesse and
Thuringia exhibited high replacement rates. In contrast, almost
all counties of the former GDR, with the exemption of areas in
Thuringia, showed rather low utilisation rates. Interestingly,
counties in Baden-Württemberg again tended to have rates
below average.
Women exhibited a similar rate distribution as the overall
group. The rates differed by factor 3.3 and ranged between 81.3
in Cottbus and 272.2 in Hersfeld-Rotenburg. Again the counties
of Bavaria, Hesse, and Thuringia showed the highest rates.
Consistently lowwere the rates in areas of the former GDR and
Baden-Württemberg.
Compared to women and the overall group the rate pattern
of menwas quite similar. However, the rates differed higher by
factor 4.3 and ranged from 36.9 in Flensburg to 158.6 in Neu-
stadt/Aisch. The pattern of rather high rates in counties of
Bavaria, Hesse, and Thuringiawas seen also in men. Similar, theFig. 3. (a, b) Geographical cluster analyses (Moran’s I) of primary THR and TKR (indtendency of lower utilisation rates in areas of the former GDR
could be demonstrated in this group.
B By diagnosis
To exclude cases with indications for THR/TKR other than
osteoarthritis (e.g., trauma) we restricted our analyses to
cases with a hospital main diagnosis of osteoarthritis. Fig-
ures 1b and 2b display the corresponding results for THR
andTKR based on counties.When excluding THR indications
other than osteoarthritis the geographic variation between
counties varied even stronger by factor 2.4 and exhibited the
high rates in counties of Bavaria, Thuringia, and parts of
Northwest Germany. For TKR the variation remained almost
the same with factor 3.1 and highest rates in Bavaria.
- Cluster analysis
To answer the question whether the spatial distribution is
randomwe calculated Moran’s I. For THR Moran’s I was 0.4185
and 0.3958 for cases with the indication of HOA. For TKR I was
0.4873 and for cases with the indication of KOA 0.4965. For THR
cases with an indication of trauma (fracture) I was 0.3144 (all
P¼ 0.0001). That indicates that the spatial distributionwas not
random for all. Figure 3 displays regions with high and low
values for THR and TKR on a signiﬁcance level of P ¼ 0.0001.
Clusters with high rates were detected in the north and
southwest of Bavaria, in the east of Hesse, the south of Thur-
ingia and in the northwest of Germany for THR. Signiﬁcantly
lower rates were seen in Brandenburg, parts of North Rhine-
Westphalia and Rhineland-Palatinate. For TKR high rates
were found in the southeast of Germany (Bavaria, Thuringia
and Hesse) and low rates in the northeast and in parts of North
Rhine-Westphalia.ication osteoarthritis only) in German AOK insurants by county (2005e2009).
Fig. 4. (a, b) Age-standardised rates of doctors diagnosed osteoarthritis in AOK
insurants in German counties in 2008.
T. Schäfer et al. / Osteoarthritis and Cartilage 21 (2013) 279e288284Analyses of potential explaining variables
We have analysed the age-standardised doctors’ diagnosis of hip
and KOA, the number of orthopaedic specialists, urbanity, and
a compound index of regional deprivation as potential explanatory
variables for geographical variation of THR and TKR. Data were
available and analysed on the basis of counties. Figure 4a and
b displays the rates of HOA and KOA. HOA rates differed almost by
factor 4 and showed signiﬁcant clusters in Bavaria and the North-
east of Germany (Moran’s I 0.58, P < 0.0001). For KOA similar and
also signiﬁcant clusters in Bavaria were detected (Moran’s I 0.69,
P < 0.0001), but the Northeast of Germany showed no obviously
elevated osteoarthritis rates. As shown in Fig. 5 the number of
orthopaedic specialists per 100.000 inhabitants differs markedly
between counties by almost factor 5 with major cities and South
Germany exhibiting the highest rates (Moran’s I ¼ 0.83, P < 0.01).
Based on the geographical analysis of the deprivation index a clear
East West gradient was detected with results ranging between 3.3
and 61.3. Almost all areas in East Germany showed a high regional
deprivation (Moran’s I ¼ 0.52, P < 0.0001) (Fig. 6).
In Table III the results of the calculated regressionmodels for THR
and TKR were shown. Spatial error model regression models ﬁtted
the data best with more explained variance (r2). All three variables
mentioned above signiﬁcantly inﬂuenced THR and TKR rates, whichFig. 5. Number of orthopaedic specialists per 100.000 inhabitants in German counties
in 2008 (Moran’s I ¼ 0.83, P < 0.01).
Fig. 6. Geographical variation of deprivation index in German counties and multi-
variate analysis of deprivation as explanatory variable for geographical variation of
THR and TKR (Moran’s I ¼ 0.52, P < 0.0001).
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KOA, a high degree of regional deprivation, and a low number of
orthopaedic specialists. Furthermore and independent from these
associations rural areas showed the highest THR and TKR rates
compared with cities or compacted suburbs.Table III
Spatial error model regressions for THR and TKR
Variable THR TKR
Coefﬁcient Probability Coefﬁcient Probability
Constant 122.35 <0.001 136.72 <0.001
Regional deprivation* 6.06 <0.001 6.88 <0.001
Nb orthopaedic specialist*y 4.20 <0.001 3.78 0.001
City vs rural area 11.07 <0.001 16.76 <0.001
Compacted suburb vs
rural area
7.00 0.002 8.21 0.005
Rural suburb vs rural area 3.77 0.098 10.09 <0.001
Osteoarthritis rate* 7.85 <0.001 9.95 <0.001
Lambda 0.52 <0.001 0.52 <0.001
R squared 0.59 0.58
* z-standardized.
y Per 100.000 inhabitants.Discussion
Based on a large dataset of routine healthcare data in Germany
we could demonstrate in this study that the rate of THR and TKR is
high and moderately increasing over time. With respect to
geographical analyses we found substantial and consistent differ-
ences of the age-standardised THR and TKR rates by factor 2e3
within federal states or counties (regional patterns by states for
single years were basically identical, data 2005e2008 not shown).
Furthermore the osteoarthritis rate, number of orthopaedic
specialists, regional deprivation and urban/rural differences were
identiﬁed as signiﬁcant explanatory variables. The modest changes
over time might be explained by the facts that we did not consider
members of private health insurance companies and that the
number of members in our population has decreased over time (see
Table A1) which means that the relative increase was also higher.
This study has strengths and limitations. We based our analysis
on a large nationwide sample comprising a total of 786.130 cases of
THR and TKR over a 5 years period. We included insurants of Ger-
many’s largest statutory health insurer (AOK)who insures about one-
third of the entire population. Thereforewe consider our results to be
representative at least for the legally insured Germanpopulation. The
cases were deﬁned by an a-priori established list of OPS codes
ensuring a transparent and reproducible case deﬁnition. We further-
more were able to focus our analysis on primary operations as we
excluded revisions. In order to perform separate analyses by indica-
tionwe deﬁned groups by ICDmain diagnosis codes which represent
either an indication of osteoarthritis or a trauma-driven indication.
Dataonthevalidityof theusedOPSand ICDcodes fromthis settingare
notavailable.Webelieve,however, thatonly randommisclassiﬁcation
might have plaid a role, which would not have caused a systematic
error (bias). By these analyses we were able to demonstrate that the
observed regional differences exist, andwere evenmore pronounced
in the group of patients who received joint replacement due to oste-
oarthritis. We were able to include a multidimensional deprivation
index as well as the number of orthopaedic specialists, the osteoar-
thritis rates, and urban/rural differences as explanatory variables in
the logistic geographic analysis. Spatial regression and cluster anal-
yseswere used to demonstrate that statistically signiﬁcant areaswith
high provision rates exist in Germany.
We did not include members of private health insurance compa-
nies, whose rate of THR and TKR might be higher. Nevertheless our
results should be representative for the majority of the German
populationasonlyabout10%aremembersof privatehealth insurance
companies. The availability of individual data on potential
confounders was limited in this study. However, wewere able to use
secondary data sources (e.g., deprivation index) to analyse potential
explanatory variables. Since observed predictors are area level vari-
ableswecannot inferwhethersuchassociationapplyat the individual
(person) level. Individual data on e.g., the socioeconomic status,
accessibility of the healthcare system or motivation and expectation
regarding the joint replacement, however, were not available. This is
also true for information on quality of life issues. It is speculation that
the rate of operations is also driven by economic interests. Data,
however, to proof this assumption can hardly be obtained.
We calculate the rate of orthopaedic specialists per inhabitant
for each county, but orthopaedic services are central goods and the
catchment area includes surrounding rural counties. So we prob-
ably overestimated the rate in urban counties and underestimate
the rates in rural counties.
There are some international studies our results can be compared
with. With respect to single rates of THR and TKR it should be noted
that for many methodological reasons (type of procedures, inclusion
of revisions, selection by indication, type of standardisation, selec-
tion of population) comparisons should be done with great caution.
Table A1
Denominator population of AOK insurants in Germany 2005e2009
Year N Male (%)
2005 27.015.154 47.6
2006 26.687.735 47.7
2007 26.186.814 47.7
2008 25.386.473 47.7
2009 25.157.559* 47.7
Table A2
OPS codes used for the deﬁnition of primary THR
and TKR
THR TKR
5820x0 5822a1
5820x1 5822a2
5820x2 5822b1
5820y 5822b2
582000 5822c
582001 5822d0
582002 5822d1
582020 5822d2
582021 5822e0
582022 5822e1
582030 5822e2
582031 5822x0
582040 5822x1
582041 5822x2
582050 5822y
582051 582200
582070 582201
582071 582202
582072 582210
582080 582211
582081 582212
582082 582220
582090 582221
582092 582222
582093 582230
582094 582231
582095 582232
582096 582240
582241
582242
582260
582261
582262
582270
582271
582272
T. Schäfer et al. / Osteoarthritis and Cartilage 21 (2013) 279e288286A recent worldwide review summarized THR and TKR rates of
different countries based on Organisation for Economic Co-opera-
tion and Development (OECD) data and national reports10. The
reported variance in incidence rates between countries was high
and span for THR from 11 in Brazil to 266 in Austria.
A study from Australia found signiﬁcant lower THR rates for
people living in disadvantaged areas11 which corresponds with our
ﬁndings. One might speculate that access to healthcare, medical
education and health awareness contribute to this imbalance23. We
showed earlier that improvement in quality of life after hip
replacement is inﬂuenced by marital status, school education, and
employment status24. As in our study in Australia both replacement
rates were higher in rural areas, which seems to contradict the
assumption of a supply-driven demand. It was speculated that,
since the number of orthopaedic specialists is also higher in urban
areas, more conservative therapies are tried before operation.
Data from Finland on THR showed a 1.9e3-fold geographical
rate difference13. This was explained by differences in the osteo-
arthritis rate, which is in accordance with our ﬁndings.
Judge and co-authors published a 2.8 and 2.9-fold variance of
THR and TKR rates in the UK12. This study also excluded revisions
and trauma as well as patients with a private health insurance.
Fewer THR rates were observed in most deprived and urban areas.
It was further shown that residents of most deprived areas got less
provisions of THR and TKR relative to need25.
According to data of the US-Dartmouth Atlas for the 2000e2001
and 2005e2006 periods THR and TKR rates differed by factor 5.6
and 4.2. The authors stressed that physician related factors such as
preferences and recommendations inﬂuence the procedure rates.
Racial and ethnic aspects may also contribute to the variability26.
It is discussed that economic factors contribute to the utilisation
and geographic variability. Changes in the US reimbursement
policy were answered by a reduction of the regional variability of
home health care utilisation27.
There is gender variation in the provision of joint replacement.
As in our study, a higher proportion of women is treated e.g., in the
UK12. In contrast, it was reported from the UK as well that women
were less likely to have consulted an orthopaedic surgeon or be on
a waiting list for THR28.
According to our study signiﬁcant geographical variation exists
for THR and TKR in Germany. Osteoarthritis rate, number of ortho-
paedic specialists, social deprivation and urban/rural differences
could be identiﬁed as signiﬁcant explanatory variables. Potential
predictorswere identiﬁed from related literature and expert opinion.
Health inequalities caused by social inequalities are, of course,
a complex social and political issue. It was our aim to show the
evidence of this association in order to provide an evidence basis for
the necessary political discussion. It is planed to distribute these
results to a broader public in order to foster this discussion and to
include political decision makers in this process.
Baring the expected increasing demand for joint replacement in
mind, further research should also concentrate on patients’ and
doctors’ information and expectations, ﬁnancial aspects and
a patient-oriented, outcome-based deﬁnition of appropriate
supply29,30.
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Table A3
ICD codes used for the deﬁnition of indication groups (fractures and osteoarthritis)
of primary THR and TKR
Hip fracture
S72.0 Fracture of neck of femur
S72.1 Pertrochanteric fracture
S72.2 Subtrochanteric fracture
S72.3 Fracture of shaft of femur
S72.4 Fracture of lower end of femur
S72.7 Multiple fractures of femur
S72.8 Fractures of other parts of femur
S72.9 Fractures of other parts of femur
S32.4 Fracture of acetabulum
S32.7 Multiple fractures of lumbar spine and pelvis
S32.8 Fracture of other and unspeciﬁed parts of lumbar spine and pelvis
Hip arthrosis
M 16 Osteoarthritis of hip
M 16.0 Bilateral primary osteoarthritis of hip
M 16.1 Unilateral primary osteoarthritis of hip
M 16.2 Bilateral osteoarthritis resulting from hip dysplasia
M 16.3 Unilateral osteoarthritis resulting from hip dysplasia
M 16.4 Bilateral post-traumatic osteoarthritis of hip
M 16.5 Unilateral post-traumatic osteoarthritis of hip
M 16.6 Other bilateral secondary osteoarthritis of hip
M 16.7 Other unilateral secondary osteoarthritis of hip
M 16.9 Osteoarthritis of hip, unspeciﬁed
M19.05 Primary osteoarthritis of other joints: pelvic and femoral region
M19.15 Post-traumatic osteoarthritis of other joints: pelvic and femoral region
M19.25 Secondary osteoarthritis of other joints: pelvic and femoral region
M19.85 Other speciﬁed arthrosis: pelvic and femoral region
M19.95 Osteoarthritis, unspeciﬁed site: pelvic and femoral region
Knee fracture
S82.0 Fracture of patella
S82.1 Fracture of upper end of tibia
Knee arthrosis
M17.0 Bilateral primary osteoarthritis of knee
M17.1 Unilateral primary osteoarthritis of knee
M17.2 Bilateral post-traumatic osteoarthritis of knee
M17.3 Unilateral post-traumatic osteoarthritis of knee
M17.4 Other bilateral secondary osteoarthritis of knee
M17.5 Other unilateral secondary osteoarthritis of knee
M17.9 Osteoarthritis of knee, unspeciﬁed
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